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Our invention relates to a process for the
recovery of organic acids from their corre-
sponding salts. More particularly, our in-
vention relates to a process for the Tecovery
of corganic acids from dilute aqueous solu-
ticns of their salts in & form suitable for di-
rect conversion to esters. _

In the past it has been the custom in ob-
taining organic acids from dilute aqueous
soluticns to neutralize these acids with an
alkaline material such as calcium carbonate,
evanorate to dryness the resulting salt and
then treat the latter with a non-volatile min-
eral acid such as sulfuric acid. This method,
however, has certain disadvantages which
are overcome by our improved process. In
the recovery of acetic acid, for example, con-
siderable difficulty is experienced in obtain-
ing good yields of acetic acid even when
distiliing under reduced pressure with con-
centrated sulfuric acid over extended pe-
riods of time. Among the advantages of our
improved process over prior processes are:
simplicity of apparatus employed, the elimi-

- nation of costly drying of the aqueous salt

solutions, and the fact that no vacuum dis-
tillation is required, and the effective sepa-
ration and recovery of acids from aqueous
mixtures thereof from which they are not al-
ways readily recoverable by previously dis-
closed methods.

Our process operates on a combined ex--

traction and esterification principle and may
be applied to either dilute aqueous solutions
of organic acids or to solutions containing
salts of organic acids. In the latter case,
however, it is necessary to subject the solu-
tion to a preliminary treatment for the pur-
poze of liberating the organic acids. In case,
for example, a solution containing sodium
acetate ig 1o be treated, snfficient non-volatile
mineral acid such as sulfuric or phosphoric
is added to insure the complete release of the
acids. It is preferable also that a slight ex-
cess of the mineral acid, sayv 1% or move, if
recessary, be present in the solution to serva
as an esterification catalvst in later steps of
the process. After the release of the organic
salts, the precipitated salts together with any

—~

- foreign solids or organic matter are filtered

oif by means of an ordinary plate filter press,
a rotary filter press or other suitable means.
The salts are washed counter-currently with
vater to recover organic acids and the

- strongest portion of the wash water added to

the filtrate. If an alkali metal salt is used as
the source of the organic acid only a small
amount or perhaps no precipitate of salts—
depending upon the concentration of the so-
Iution—will be formed. In this case the
greater portion of the salts remains in solu-
tion and is removed at a later point in the
process. If an aqueous solution of an organic
acid or acids per se is available as the start-
ing material, naturally this preliminary
treatment is not necessary and only about
1% of a non-volatile mineral acid or other
customary esterification catalyst need be
added for the solution to be ready for treat-
ment for recovery of the organic acids.

An alcohol which is at least a partial sol-
vent for the acid or acids to be recovered is
next added to the solution and the latter
heated” for a short time while  agitating.
Chemical and physical equilibria are rapidly
attained and the solution then allowed to
stand until it stratifies. During this opera-
tion a portion of the organic acid in the aque-
ous layer is extracted by the alcohol with
which it has been agitated. At the same time
a portion of the acid will be esterified by the
alcohol by the aid of the small amount of
mineral acid present as a catalyst, thus serv-
ing to remove still more of the organic acid
from the aqueous layer. On allowing the
mixture to settle, therefore, there is obtained
an upper layer consisting of aleohol, ester,
organic acid and some watér dissolved there-
in and a lower aqueous layer containing the
unextracted organic acid, small amounts of
alcohol and ester, if water soluble, and a metal
salt, as for example, sodium sulfate, if the
original aqueous solution contained sodium
acetate instead of acetic acid. The upper
solvent layer may then be drawn off and the
aqueous layer subjected to'a similar treat-
ment with either fresh alcohol or an aleohol-
ester mixture from a preceding operation of
such character and composition as not to be in
chemical and physical equilibria with the
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aqueous acid layer. This operation may then
be continued for a number of times, prefer-
ably but not necessarily operating on the
counter-current principle, until the organic
acid has been completely or substantially com-
pletely removed from the aqueous layer. -

Our process is applicable to the recovery
of monobasic aliphatic acids above formic,
and for their recovery any alcohol may be
used which is not substantially soluble in
water and whose ester formed from the acid
being recovered is not substantially soluble
in water. The process is also applicable to
the recovery of ‘mixed acids so long as re-
quirements such as those just enumerated are
met. Aqueous solutions containing acids in
concentrations ranging from a few grams per
100 ¢. c. up to 30 grams per 100 c. c. or better
are suitable for treatment by our process.
TFor most purposes, however, a concentration
of about 20 grams per 100 c. ¢. of solution is
preferred.

The specific example cited below will serve
to illustrate a preferred method of carrying
out our process. It is distinctly understood,
however, that the operating technique may
be varied somewhat in 2 number of ways and
that we intend to claim such customary varia-
tions as would ordingrily oceur to one skilled
in the art as falling within the concept of our
invention.

In the so-called Langwell process, acetic
acid together with some butyric and propi-
onic acids is produced by the fermentation of
cellulosic materials by the aid of thermo-
philic bacteria. During the course of the
fermentation it is necessary to regulate the
degree of acidity of the fermenting medium
in order to obtain optimal results, and hence
the acids are neutralized as formed by the
addition of some alkaline material such as
soda ash, calcium carbonate, ammonia, etc.
When the fermentation is complete, there-
fore, the mash contains salts of acetic, buty-
ric and propionic acids together with small
amounts of the free acids, unfermented cellu-
losic matter, lignin, etc. After the removal
of as much of the solid matter as possible
from the fermented mash, the residual lig-
uor is concentrated bv evaporation until it
contains preferably. about 45-50% total sol-
ids, about 70% of which are the salts of the
volatile acids and 80% organic matter.

To the product of approximately the above
concentration is next added sulfuric acid in
about 1%, or higher if necessarv, excess of
that theoretically requived to liberate the
acetic and butyric acids from their corre-
sponding soditm salts. In a composition of
the character indicated a portion of the so-
dium sulfate will be crystallized out and is
preferably removed, together with organic
insolubles. by filtration or other suitable
method, the filter cake being washed with
water which is added to the original filtrate.

1,908,708

If only a small amount of salt is precipitated
it need not be removed from the acid liguor.
Its removal at this point, however, obviates
any danger of the extraction-esterification
apparatus, in later steps of the operation, be-
coming clogged up. It is desirable to carry
out this step of the process in such a manner
as to give an acid liquor which does not vary
appreciably in composition between succeed-
ing operations. -

Tigure I shows a flow sheet illustrating
the application of my process to the recovery
of acids produced in the Langwell-fermenta-
tion process. A specific example will illus-
trate the operation of the precess on a plant
scale. Beer produced in the Langwell fer-
mentation process is first evaporated by any
suitable means and conveyed to the acidifica-
tion tank. The following analysis gives the
composition of a product suitabls for treat-
ment at this point: mixed salts 87% (sodiwmn
acetate, sodiam butyrate and sodium propi-
onate), organic matter 15%, water 48%.

Sulfuric acid (60° Bé.) is next added to the
concentrated liquor in the acidification tank
in sufficient quantity to liberate the acetic,
butyric and propionic acids, and preferably
leave a slight excess of sulfuric acid. The
sulfuric acid may be added in any suitable
way, one method being to circulate by means
of a pump the liguor being treated and in-
troduce the sulfuric acid in small quantities
into this circulating liquid.

When the acidification has been completed
the liquor is filtered to remove organic mat-
ter and the precipitated portions of the so-
dium sulfate. After washing the filter cake
with hot water the cake may be treated to
recover sodium sulfate and other nseful con-
stituents, or discarded. The filtrate and
combined wash water is passed to a storage
tank and is ready for use in the later step
of the process. The composition of the lig-
uor entering the filter obtained from the
Langwell liquor mentioned above is approxi-
mately as follows: mixed acids 17% (acetic,
butyric and propionic), free H.SC, 2%, so-
dium sulfate varying wproporitions. organic
matter in solution varying proportions, spe-
cific gravity 1.12.

The next step of the operation may be car-
ried out in a system such as that illustrated
by the battery of esterification-extraction ves-
sels, 1-6 inclusive in Figure I. The namber
of these vessels used in a particuler system
depends upon the acid or acids heing re-
covered, the concentration of the acid liauor,
the extraction agent, the method of conduct-
ing the counter-current extraction. ete.
Usually, however, a system consisting of from
5 to 6 extraction vessels gives satisfactory
results. These vessels may be constructed
similarly to ordinary esterification kettles.
and provided with steam scrolls, means for
agitating the liquid being treated, inlet and
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outlet connections, sight glasses for measur-
mg the height of the liquid layers'in the ves-
sels, manholes to facilitate cleaning, ete. A
condenser is also provided on each extrac-
tion vessel to reflux vaporized solvent and re-
turn'it to the kettle. This arrangement serves
to maintain atmospheric pressure within the
kettle and thus obviates the necessity of heavy
coustruction to withstand pressure of the
vapors, :

In operating our process we may add acid
liquor of the composition indicated above and
an alcohol such as butanol, in the proportions
of 60 gallons of the former to 30 gallons of
the latter, to a vessel of 100 gallons capacity.
The mixture is heated by means of steam coils
to a temperature between 75° C. and the boil-
ing temperature, agitated for about 15 min-
utes, allowed to setile and the upper and low-
er liquid layers transferred to different ves-
sels where they each come in contact with
liquids differing in composition from that
from which they were separated in the pre-
ceding vessel. Assuming that the sysiem is
in operation. and has reached equilibrium,
the following description will illustrate one
method of operation. The exit valve from
vessel No. 6 is opened and the extracted

tailings allowed to pass out until a sight glass

indicates that only the solvent layer remains.
If the solvent employed is substaniially wa-
ter-soluble, the tailings are sent to a s'ill for
the recovery of solvent material which is re-
turned to the process. Similarly, the solvent
layer may be removed from vessel No. 1 until
only the acid layer remains. The butanol
layer may then be {ransferred from No. 2 to
No. 1, from No. 8 to No. 2, . . ., and finally
from No. 6 to No. 5. The acid liquor layer
in No. 5 is then transferred to No. 6, that from
No. 4 to No. 5 and so on until when the shifs
is completed, vessel No. 1 contains just the
butanol layer from No. 2, and vessel Ne. 6
contains the acid liquor layer from vessel Wo.
5. To vessel No. 1 is then added 60 galions
of fresh acid liquor and to vessel No. 6 is
added 80 gallons of fresh butanol or other ex-
tractant. The layers of acid liguor and bu-
tanol in the intermediate vesseis and which

" have been subjected to previous treatment

one or more times are nex: transferrved to the
next respective vessel in the series. The mix-
tures in the different vessels ave then again
agitated, allowed to seitle and transferred as

* before, the same operation being continned

indefinitely. The temperature at which the
operation is carried out naturally varies
somewhat depending upon the purticular set
of operating conditions. When the butanol,
for example, is used as the exéractans to ve-
cover acetlc, butyric and propionic acids, it
is preferred to carry out the cperation at
temperatures ranging from about 80°-92° C,

When using the system of countércurrent
esterification-extraction described above, five

3

vessels are generally suitable. . This pro-
cedure, however, requires the transfer of both
layers of liquid after each treatment. Ac-
cording to a somewhat different procedure
which will now be described a number of
operating difficulties inherent in the preced-
ing system overcome, and it is only neces-
sary to transfer at the end of each operation
one of the two layers of liquids. One addi-
tional reaction vessel may be required, how-
ever, when operating in this manner. It
should be noted that in carrying out a cycle
of operations such as th

a
are

that described herein
it is possible to employ a schedule in which
an odd number of extractions is made with
the same number of vessels, but not an even

number. That is, five extractions can be
made with five vessels, but six extractions

cannot readily be made with six vessels.
Assuming, as in the previous case, that the
system has been operating a sufficient length
of time to reach equilibrium, the method of
operation may best be understood by refer-
ing to Higure IL.
lower part of vessel No. 4 has been extracted
five times and is transferred to the beer still
for the recovery of the water-soluble solvent.
The lower acid liquor layer in vessel No. 3,
ich has Deen extracted four times, is now
transferred for its fifth and last treatment
to vessel No. 5, which was empty during the
preceding cycle of operations. To this vessel
1s also alded 30 gallons of fresh butanol,
which - performs 1ts first extraction. The
lower acid liquor layer of vessel No. 2, which
has been treated twice, is now transferred to
vessel No. 4 for its fourth extraction with a
butancl layer which performs its second ex-
traction operation. The acid liguor in vessel
No. 1 has been extracted twice and is now
transferred to vessel No. 3 for its third treat-
ment with a butancl izyer which performs its
third extraction operation. The acid liquor
in vessel No. 6 which has been extracted once
is transferred to vessel No. 2 for its second
extraction with extract which performs its
fourth extraction operation. To vessel No. 1
is then added 60 gallons of fresh acid liquor
which is extracted the first tiine with butanol
which is performing its fifth exteaction op-
utanol layer remaining i
the trausfer of the acid

)

L

a2

SO | Yerat|
@It VEeSET:

:ceeding operadion:
Tae flow sheets shown in Figure ITIT will
illustrate: (o) a complete cyele of opera-
tions using six reaction vessels, one of which
empty during each stepn of the cycle, and
) @ complete cycle of operations using five
reaction vessels. As will readily be seen from
udy of the diagrams, the system shown in
gure ITI (¢) really consisis of two separate
units, kettles Nos. I, III and V constituting

The acid liquor in the -
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one unit, and kettles Nos. IT, IV and VI,
the other. In each case an extractant such
as butano! is charged into a reaction vessel
and remains there until it has been used fve
times as an extracting agent.

An operating schedule for a five kettle
system 1s shown in diagram ITI (8). As-
suming that the vessels are all full and each
contain a top and bottem layer of liquid and
that the lower layer of #5 is tailings and the
upper layer of :£1 is finished extract, the fol-
lowing description will illustrate the method
of operating such a system. The lower layer
of #5 is withdrawn and sent to a beer still
as previously indicated. The-lower layer of
#3 is then transferred to #5. The lower
layer of #1 is introduced into #3. The
upper layer of #1 is then removed and sent
to the esterification still. The lower layer
of #4 is then transferred to F#1 and the
lower layer of #2 to #4. This leaves an
upper layer lacking in #1 and a lower layer
lacking 1n #2. Fresh extractant such as
butanol is then introduced into F1 while
fresh acid solution is put into #2. This
leaves the system as described in the begin-
ning except that new #1 does the work of
#5 1n the previous cycle, #£5 the work of #4,
ete., down the line. It is possible in this man-
ner to use this system with any odd number
of vessels above one, as for example, with 3,
5, 7,9, or 11, ete. In this way none of the
vessels ever stand empty and better efficiency
is possible with any given number of vessels.

The operating procedure may be varied
somewhat in still another manner which has
certain advantages over the procedures pre-
viously described. In the first procedure de-
scribed above using six reaction vessels, it
was stated that after the tailings have been
removed from vessel #£6, all of the lower lay-
ers are advanced by one vessel, that is #6
goes to the beer still, #5 to #6, #4 to 5,
ete. After this is done the upper layers are
transferred in the opposite directions. Fresh
extractant such as butanol is then introduced
into #6 and fresh acid solution in #1. The

- system 1is then refluxed, after which the cycle

is ready for repetition. A decided improve-
ment in the process is obtained if a second re-
fluxing is carried out between the transfer
of the upper and lower layers. This operat-
ing procedure may be illustrated as follows:

1o—Refluxing :

2a—Transfer of lower layer to right

3a—Refluxing vessels Nos. 2,38, 4,5, and 6
(#1 cannot be refluxed as it contains only top
layer)

4g—Transfer of upper layer to left

5a—Introducing new solutions into #1
and #6 :

15—Refluxing again.

By following out the procedure just out-
lined each lower layer would be progressive-
ly brought to equilibrinm nine times with

1,908,708

upper layer of new composition instead of
only five times as is done by the other meth-
ods previously described. Since by this
method of procedure the extraction would go
by smaller increments, resulting in apprecia-
bly better efficiency, a more dilute acid solu-
tion could be treated in a given operation
without sacrificing yield. By following this
mode of procedure, for example, approxi-
mately the same results can be obtained with
a solution containing 14 grams of acetic acid
per 100 c. c. of solution as are possible with
an acid solution containing 18 grams per
100 c. c. when employing the procedures pre-
viously described, although the mechanism of
the operation is somewhat more difficult.

At the conclusion of the above-described
operation the extracted liquor layer consist-
ing of approximately 40 gallons, has approxi-

mately the following composition :

R Gms./100 c.c.
Acetic and butyricacids________.____ 0.9
Butanol - ____ . 4.0
Sulfuriec acid_. o __________. 6.8
Sodium sulfate.___ - ____________ 20.0

The butanol may be recovered by distilla-
tion and returned to the sysiem. The sodium
sulfate may be recovered by crystallization or
by other suitable means.

The solvent extractant layer, consisting of
approximately 50 gallons. has approximately
the following composition :

Per cent
Free acetic and butyric acids__.._.___. 11
Butyl acetate and butyl butyrate___.-_. 31
Butanol . 33
Water_ 20
Organic matter—___ . ___________ 5

The extract obtained as above described is
preferably next transferred to an ovdinary
esterifiction kettle where it is refluxed a sufli-
cient number of times to complete the esteri-
fication of the free acids to the corresponding
butyl esters, the small amount of sulfuric acid
remaining in the material usually being suffi-
cient to act as a catalyst. Additional catalyst
may be added, however, if required. Upon
the completion of the esterification the excess
butanol, the butyl acetate and the butyl buty-
rate may be separated and recovered by frac-
tional distillation.

In operating our new process for the recov-
ery of acids we may employ as the extracting
agent any water-insoluble or substantially
water-insoluble alcohol, as for example, buty!
aleohol, amyl alcohol, isoamyl alcohol, hexyl
alcohol, benzyl alcohol, etc. It may be ap-
plied to the recovery of acids which are solu-
ble in and esterify with such alcohols, as for
example, acetic, propionic, butyric, lactic,
etc., acids or mixtures thereof. Naturally, in
recovering different acids or mixtures there-
of and in using different alcohols for recov-
ering said acids it will be necessary to modify

80

85

90

95

160

110



10

15

20

e
w

[
(%13

on
>

60

1,908,708

somewhat the specific procedure outlined
above to illustrate our process. For example,
with different materials and under different
operating conditions it is sometimes found
desirable or necessary to vary the concentra-
tion of the acids in the original acid liquor be-
ing treated, the temperature at which the ex-
traction-esterification operation is carried
out, the relative proportions of extractant
and acid liquor used, the time of agitation
with the extractant, the number of extrac-
tions, ete. It is distinctly understood, how-
ever, that such obvious modifications are un-
derstood as coming within the concept of our
invention.

RNow having deseribed our invention, what
we desire to claim is:

1. Process for the recovery of aliphatic
monocarboxylic acids above formic which
comprises stbjecting aqueous solutions con-
talning said acids to the countercurrent ex-
traction-esterification action of substantially
water insoluble alcohols, in the presence of an
esterification catalyst.

2. Process for the recovery of aliphatic
monocarboxylic acids above formic which
comprises treating aqueous solutions contain-
ing salts of said acids with an amount of
& mineral acid slightly in excess of the
amount required to liberate said organic
acids, subjecting the resulting solution to
the countercurrent extraction-esterification
action of alcohols which are substantially
water insoluble.

3. Process for the vecovery of aliphatic
monecarboxylic acids above formic which
comprises treating acueous solutions con-
taining salts of said acids with an amount of
a mineral acid slightly in excess of the
amount required to liberate said organic
acids, removing the precipitated salts, and
subjecting the resutting solution to the coun-
tercurrent extraction-esterification action of
alechols which are substantially insoluble in
water. _

4. Tn the process for the recovery of ali-
shatic monocarboxylic acids above formic,
the step which comprises subjecting aqueous
solutions containing said acids at tempera-
tures ranging from about 75° C. to the boii-
ing point of the mixture being treated to the
countercurrent extraction-esterification sae-
tion of substantially water insoluble alco-
h0ls.

5. In the process for the recovery of ali-
phatic monocarboxylic acids above formie,
the steps which comprise treating aqueous
solutions containing salts of said acids with
an amount of a mineral acid slightly in ex-
cess of the amount required to liberate said
organic acids, subjecting the resulting solu-
tion at temperatures ranging from about 75°
C. to the boiling point of the mixture being
treated to the countercurrent extraction.

esterification action of alcohols which are
substantially water insoluble.

6. In the process for the recovery of ali-
phatic monccarboxylic acids above formic,
the sieps which comprise treating aqueous

solutions containing salts of said acids with

an amount of a mineral acid slightly in ex-
cess of the amount required to liberate said
organic acids, subjecting the resulting solu-
tion at temperatures ranging from about 75°
{. o the boiling point of the mixture being
treated; ‘to -the countercurrent. extraction-
estoriiication action of alcohols which are
substantially water insoluble, and refluxing
the resultant soivent layer to complete the
esterification of the dissolved acids. =

7. Process for the recovery of acids which
comprises subjecting aqueous solutions con-
taining acids selected from the group con-
sisting of acetate, propionic and butyric
acids to the countercurrent - extraction-
esterification action of an alcohol selected
from the group consisting of hutyl, amyl,
hexyl and benzyl alcohol in the presence of
an esterification catalyst.

8. Process for the recovery of aliphatic
monocarboxylic acids above formic which
comprises subjecting aqueous solutions con-
taining said acids to the countercurrent ex-
fraction-esterification action of substantially
water insoluble alcohols at temperatures be-
tween gbout 75° C. and the beiling point of
the resulting acid alcchol mixture.

9. Process for the recovery of acids which
comprises subjecting aqueous solutions con-
taining acids selected from the group consist-
Ing of acetic, propionic and butyric acids to
the countercurrent extraction-esterification
action of an alcohol selected from the group
consisting of butyl, amyl, hexyl, and benzyl
alcohol at temperatures between about 75° C.
and the boiling point of the resulting acid al-
cohol mixture.

10. Process for the recovery of aliphatic
monocarboxylic acids above formic which
comprises subjecting aqueous solutions con-
taining said acids to the countercurrent ex-
traction-esterification action of substantially
water insoluble alcohols in the presence of a
mineral acid.

11. Process for the recovery of acids which
comprises subjecting aqueous solutions con-
taining acids selected from the group consist-
ing of acetic, propionic and butyric acids to
the countercurrent extraction-esterification
action of an alcohol selected from the group
consisting of butyl, amyl, hexyl and benzyl al-

- echol in the presence of a mineral acid.

12. Process for the recovery of aliphatic
monocarboxylic acids above formic which
comprises subjecting agueous solutions con-
taining said acids to the countercurrent ex-
traction-esterification action of substanially
water insoluble alcohols at temperatures be-
tween about 75° C. and the boiling point of
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the resulting acid alcohol mixture, in the
presence of an esterification catalyst.
18. Process for the recovery of acids which
comprises subjecting aqueous solutions con-
5 taining acids selected from the group con-
isting of acetic, propionic and butyric acids
to the countercurrent extraction-esterification
action of an alcohol selected from the
group consisting of butyl, amyl, hexyl and
10 benzyl alcohol at temperatures between about
75° C. and the boiling point of the resulting
acid alcohol mixture, in the presence of an
esterification catalyst.
14. Process for the recovery of aliphatic
15 monocarboxylic acids above formic which
" comprises treating aqueous solutions contain-
ing salts of said acids with an amount of a
mineral acid slightly in excess of the amount
required to liberate said organic acids, sub-
20 jecting the resulting solution to the counter-
current extraction-esterification action of
substantialy water insoluble alcohols at tem-
peratures between about 75° C. and the boil-
ing point of the resulting acid alcohol mix-
25 ture, refluxing the resulting solvent layer to
complete the esterification of dissolved acids
and finallyseparating and recovering by frac-
tional distillation the esters thus produced.
In testimony whereof we affix our signa-
30 tures.
IGNACE J. KRCHMA.
WARD J. BLOOMER.
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CERTIFICATE OF CORRECTION.

Patent No. 1,908,708, May 16, 1933.

IGNACE J. KRCHMA, ET AL
It is hereby certified that error appears in the printed specification of the
above aumbered patent requiring correction as follows: Page 5, line 85, claim
7, for "acetate’ read "acetic"; and that the said Letters Patent should be read
with this correction therein that the same may conform to the record of the case
in the Patent Office,
Signed and sealed this 15th day of August, A, D. 1933.

M. J. Moore;

(Seal) Acting Commissioner of Patents.



